INTRODUCTION
In this article intercellular adhesion of vertebrate tissue cells, especially epithelia, will be discussed. The underlying theme may be expressed by the question 'What cellular adhesive properties are required in order to develop and maintain the organization and structure of normal tissues?' I shall begin by outlining a number of principles and properties of cell adhesions that have been presented previously (Garrod, 1981; Garrod & Nicol, 1981; Garrod, 1985) and can be updated and extended following recent studies on the molecular basis of cell adhesion. Detailed consideration will then be given by the principal adhesive junctions of epithelial cells, desmosomes or maculae adhaerentes, particularly in so far as recent studies illustrate general principles of adhesion. Advances in the study of other cell-cell adhesion mechanisms will also be considered. Cell adhesion has been reviewed recently by Damsky, Knudsen & Buck (1984), and Edelman (1984) . It is hoped that the material presented here will be largely complementary to those reviews.
PRINCIPLES OF TISSUE CELL ADHESION

A cell has several adhesion mechanisms
Individual cells of a given type possess a variety of different molecular adhesion mechanisms, some junctional and some non-junctional (Garrod, 1981; Garrod & Nicol, 1981; Garrod, 1985) . The most complex situation probably arises in the socalled simple epithelial cell, which is shown in a generalized diagram in Fig. 1 . This illustrates five different mechanisms of cell-cell adhesion and six different mech anisms of cell-matrix adhesion. Of the intercellular adhesion mechanisms, the tight junction and gap junction have other well-established functions, occluding the intercellular space and intercellular communication, respectively. These functions depend upon strong intercellular binding, so that the junctions must contribute to the adhesiveness of the cell. Some earlier electron-microscopical observations suggested that, under some experimental circumstances, intercellular bonding at these junctions is more resistant to disruption than that at the other junctional types (Sedar & Forte, 1964; Muir, 1967; Berry & Friend, 1969) . The adhesive function of the desmosome and the zonula adhaerens are widely recognized. These, together with non-junctional adhesion molecules, probably constitute the major adhesive cells.) mechanisms in most cell types. In a previous review (Garrod, 1985) it was suggested that so-called liver cell adhesion molecule (L-CAM) (Edelman, 1984) might be involved in non-junctional membrane adhesion. However, it has recently been shown that uvomorulin (probably equivalent to L-CAM) is concentrated in the zonula adhaerens of intestinal epithelial cells (Boiler, Vestweber & Kemler, 1985) . It may therefore be necessary to postulate another molecular adhesion mechanism or Desmosomes, cell adhesion 223 mechanisms for non-junctional membranes. In liver, this could be the molecule known as cell CAM-105 (Ocklind & Obrink, 1982) . It is also possible that adhesion molecules that are concentrated at junctions may be present at lower density on other parts of the cell surface, where they may mediate adhesion.
The cell-matrix adhesion mechanisms consist of receptors for matrix components and two 'junctional' types, the hemidesmosome and the focal contact. They have been discussed in a previous review where appropriate references are given (Garrod, 1985) .
Epithelial cells possess a number of adhesion mechanisms because they require a range of different adhesive properties in order to maintain their epithelial organ ization (Garrod, 1985) . They need links (desmosomes) between their intermediate filament cytoskeletons in order to provide structural strength and continuity throughout the tissue (Arnn & Staehelin, 1981; Ellison & Garrod, 1984; Docherty, Edwards, Garrod & Mattey, 1984; Garrod, 1985) , they need links (zonulae adhaerentes) between their contractile microfilaments (Baker & Schroeder, 1967; Karfunkel, 1971; Burgess, 1982; Garrod, 1985) , they need to bind to and interact with their substratum (matrix receptors and hemidesmosomes) and to form links between their actin cytoskeleton and the matrix (focal contacts) to facilitate move ment during morphogenesis or wound healing (Billig et al. 1982) . Each of these functions involves a specialized adhesion mechanism that has evolved in response to the need for its particular function. Simple epithelial cells may possess nine or ten different adhesion mechanisms, in order to fulfil a complex set of adhesive requirements.
This plurality of adhesion mechanisms is not restricted to epithelial cells. Nerve cells may possess a minimum of four mechanisms, the neural cell adhesion molecule (N-CAM) (Thiery, Brackenbury, Rutishauser & Edelman, 1977) , the LI antigen (Rathjen & Schachner, 1984) (now shown to be definitely distinct from N-CAM; Rathjen & Rutishauser, 1984) , the calcium-dependent adhesion mechanism recog nized by monoclonal antibody NCD-1 (Hatta, Okada & Takeichi, 1985) and the neuron-glial cell adhesion molecule (Ng-CAM) (Thiery, Delouvee, Grumet & Edelman, 1985) . They also possess cell-matrix adhesion mechanisms (Cole & Glaser, 1984; Schubert & LaCorbiere, 1985) .
Fibroblasts are probably less complex than either epithelial cells or neurones but certainly form adhaerens-type junctions (Heaysman & Pegrum 1973) , and gap junctions (Pitts, 1978) , and possess calcium-dependent and calcium-independent adhesion mechanisms (Takeichi, Atsumi, Yoshida & Okada, 1981) as well as various types of cell-substratum adhesions.
The possession of multiple adhesion mechanisms is the general rule among tissue cells. Any cells that are shown to possess only a simple mechanism will be highly specialized for a particular adhesive function.
Finally, in this context the term cellular adhesiveness is sometimes used in a strictly quantitative sense. For example, quantitative differences in adhesiveness have been invoked to explain the experimentally induced phenomenon known as sorting-out (Steinberg, 1964) . The present analysis demonstrates that the total 224 D. R. Garrod adhesiveness of a cell at a given time in a given situation receives a quantitative contribution from those of its molecular adhesive mechanisms that are functional at that time and in that situation. When we have identified all the molecular adhesive mechanisms in a cell, quantified their expression on the cell surface and determined the strength of the adhesive bonds that they form, we shall be able to compute cellular adhesiveness for that cell type.
CELLS OF DIFFERENT TYPES SHARE ADHESION MECHANISMS
Ultrastructural studies have shown that intercellular junctions are similar in cells of different tissues and different species (McNutt & Weinstein, 1973; Overton, 1974a; Staehelin, 1974) . It is believed that all epithelia possess desmosomes, except the pigmented epithelium of the eye (Middleton & Pegrum, 1976; Nicol & Garrod, 1982; Docherty et al. 1984 ) and lens epithelium. Moreover, the only non-epithelial tissue that possesses desmosomes is cardiac muscle, where they occur in the inter calated discs. Endothelial cells do not possess desmosomes, except in fish (Cowin, Mattey & Garrod, 1984a) .
The distribution of cell adhesion molecules (CAMs) has been studied by Edelman and his colleagues (Edelman, 1983 (Edelman, , 1984 . L-CAM is present in adult animals in the stratum germinativum of the skin, the epithelium of the urinogenital, digestive and respiratory tracts, the lymphoid organs and secretory glands. L-CAM is probably similar or identical to the other calcium-dependent adhesion molecules isolated from other sources by other workers. These include uvomorulin (Hyafil, Morello, Babinet & Jacob, 1980 ), cell CAM 120/80 (Damsky et al. 1983 ) and cadherin (YoshidaNoro, Suzuki & Takeichi, 1984 ) (now called E-cadherin (Hatta et al. 1985) . These also occur in a wide distribution and in different animal species (mammals and birds). (If these molecules are identical, the name cadherin would seem preferable to the others, which all carry somewhat restrictive connotations with regard to function, distribution or molecular weight.) N-CAM is present in adult animals in nervous system, testis and cardiac muscle, and has been found in fish, lizard, frog, chick, mouse, rat and human (Edelman, 1984) . A very similar tissue distribution to that of N-CAM (which is a calcium independent mechanism) has been found for the calcium-dependent neural cell adhesion mechanism, N-cadherin (Hatta et al. 1985) . Ng-CAM, is found exclusively in the nervous system (Thiery et al. 1985) .
Some adhesion molecules appear to have a fairly restricted distribution. Antibody studies showed that cell CAM-105, first identified in adult rat hepatocytes (Ocklind & Obrink 1982) , was found only in mouse liver, rat liver, rat kidney and rat small intestine (Vestweber et al. 1985) . However, the survey was rather limited and the failure of antibodies to cross-react does not necessarily mean that the molecule is absent from a tissue.
The general conclusion from study of the distribution of adhesion molecules is that adhesion mechanisms are widely shared between different cell types. In his 'modulation' theory of cell adhesion, Edelman has asserted that, in general, tissues Desmosomes, cell adhesion 225 will have only a few cell-cell adhesion molecules, corresponding in number perhaps only to the number of classes of cells and tissues (Edelman, 1983) . This formulation is in direct contrast to previous theories, which require a large repertoire of cell typespecific adhesion molecules (Moscona, 1962; Sperry, 1963) . We have pointed out that such a large repertoire of molecules is not required in order to account for the adhesive behaviour of cells (Garrod, 1981; Garrod & Nicol, 1981) . I believe that there are indeed a limited or restricted number of molecular adhesion mechanisms, in fact far fewer than there are differentiated cell types within the vertebrate body. However, the number of molecules appears to be greater than that suggested by Edelman, because cells of any one tissue class clearly possess a number of mechanisms.
One of the consequences of the sharing of adhesion mechanisms is that cells from a wide variety of tissues and from different animal species exhibit mutual adhesion. A cell has a much greater potential for adhesion to other cell types than it shows in its normal tissue location (Garrod, 1981) . Desmosomes (Overton, 19746; Mattey & Garrod, 1985a; and below) , adhaerens type junctions (Armstrong, 1970 (Armstrong, , 1971 ) and gap junctions (Epstein & Gilula, 1977) have all been shown to be capable of forming between some different types of cells. Like L-CAM and N-CAM (Edelman, 1984) , these junctions probably represent examples of 'homophilic' adhesive binding in which the adhesion molecules bind to the same or similar adhesion sites on the other cell. Thus molecularly specific adhesion binding can give rise to non-specific cell-cell adhesion, and in doing so shows that the adhesion binding sites are conserved between different tissues and different species (see later discussion on desmosomes). Another type of adhesion between different cell types arises from 'heterophilic' binding, in which a CAM recognizes a different molecule on another cell. Examples are Ng-CAM, which is involved in neuron-glial cell adhesion and is present only on neurons (Edelman, 1984; Thiery et al. 1985) , and the Ji glycoprotein, which is involved in astrocyte-neuron adhesion and is present only on astrocytes (Kruse et al. 1985) . In neither case has the complementary molecule been identified.
THE DIFFERING ADHESIVE PROPERTIES OF DIFFERENT CELL TYPES
The fact that cells share adhesion mechanisms, and if confronted experimentally can use these to form mutual adhesions, makes it necessary to list the ways in which the adhesive properties of different cell types can differ from each other. 
DESMOSOMES
Desmosome ultrastructure has been reviewed many times (McNutt & Weinstein, 1973; Overton, 1974a; Staehelin, 1974; Skerrow, 1978; Arnn & Staehelin, 1981; Garrod & Cowin, 1985; Garrod, 1985) . Here I shall simply note that desmosomes are symmetrical about the intercellular mid-line, the two halves of a desmosome being contributed by adjacent cells. Formation of a desmosome must therefore depend upon mutual recognition and adhesion between molecules on the surfaces of the two cells.
The major components of desmosomes are as follows. The plaque components are: (1) a pair of neutral proteins of MT (by electrophoresis) 250000 and 215 000 (desmoplakins I and II); (2) a neutral protein of 83 000 Mr\ (3) a basic protein of 75 000Mt (Franke et al. 1982; Mueller & Franke, 1983) . The glycoproteins are: (1) a triplet of 175000-164000; (2) two bands of Mr 130000 and 115 000 the former of which often appears as a doublet; and (3) a single band of 22000 Mr (Gorbsky & Steinberg, 1981) . Gorbsky & Steinberg (1981) proposed that all the desmosomal glycoproteins are involved in desmosomal adhesion and suggested the collective name 'desmogleins' for them. However, the first evidence for involvement of a molecule in desmosomal adhesion was provided by ourselves, since univalent Fab' fragments of antibody against the 130000 and 115 000 Mr glycoproteins inhibited desmosome formation in MDBK (Madin-Darby Bovine Kidney) cells (Cowin, Mattey & Garrod, 19846) . Similar results were not obtained with Fab' against the 175000-164000 Mr com ponents and, indeed, none of our polyclonal antisera recognized the surface domain of this triplet in MDBK cells. (Since the 175 000-164000 Mr components are glycoproteins, the existence of a surface domain seems almost certain.) We have therefore proposed the name desmocollins I and II for the 130000 and 115 000 Mr components to denote their demonstrated function in desmosomal adhesion (Cowin et al. 19846) . We think that different names are desirable for the glycoprotein components because they are clearly different molecules, both antigenically (Cohen, Gorbsky & Steinberg, 1983; Cowin & Garrod, 1983) , and in amino acid and sugar composition (Kaprell et al. 1985) . It is possible that the 175000-164000 Mr com ponent is also involved in cell adhesion, but the data presented by Gorbsky & Steinberg (1981) would be equally consistent with that of a transmembrane molecule with a small surface domain, primarily concerned with linking the adhesion mol ecules with the plaque (Cowin et al. 19846) . No information about the location and function of the 22000 Mr component has yet been published.
DESMOSOMAL COMPONENTS IN DIFFERENT TISSUE AND ANIMAL SPECIES
Polyclonal antisera have been raised in guinea pigs, against desmosomal proteins and glycoproteins from bovine nasal epithelium obtained by preparative gel electro phoresis (Cowin & Garrod, 1983; see also Franke et al. 1981; Giudice, Cohen, Patel & Steinberg, 1984) . Fluorescent antibody studies of tissues from different animal species (man, cow, guinea pig, rat, chicken, lizard (Lacerta viridis), frog (Rana pipiens), axolotl and trout) revealed that the desmosomal antigens are widely distributed (Cowin & Garrod, 1983; Cowin et al. 1984a ). The results suggested that desmosomal antigens are well conserved in the epidermis of mammals, birds, reptiles and anuran amphibians, since equally bright staining for all antigens was obtained. In non-epidermal epithelia, while staining for most antigens was as bright as that in the epidermis, staining for the desmocollins was conspicuously less bright. One possible explanation of this is that the desmocollins vary in composition between epidermal and non-epidermal tissues (see Cowin et al. 1984a , for detailed discussion).
Desmocollin-specific polyclonal antisera raised in mice confirm the difference between epidermal and non-epidermal epithelia, although not quite in the way we had expected (Parrish et al. 1986 ). They recognize only the suprabasal layers of epidermis and the arachnoid layer of the meninges, but no other epithelial tissues whatsoever. These antisera also stained meningiomas, raising the possibility of developing monoclonal reagents for the diagnosis of these tumours. This result demonstrates that there are indeed chemical differences between desmocollins in different tissues. In addition, Giudice et al. (1984) , using monoclonal antibodies that recognize different epitopes of desmosomal glycoproteins, demonstrated differ ences between the 175 000-164000 Mr glycoproteins and the desmocollins in bovine nasal, corneal and oesophageal epithelia.
We have carried out immunoblotting studies using polyclonal antisera on desmosome-enriched fractions from cells from different tissues and species (Suhrbier & Garrod, 1986) . These were human foreskin keratinocytes, MadinDarby bovine kidney cells (MDBK), Madin-Darby canine kidney cells (MDCK), chicken epidermis and frog epidermis. We found that desmosomal glycoproteins from various sources vary in apparent molecular weight, heterogeneity and antibody cross-reactivity. For example, bands reacting with antibody against bovine 175 GOO-164 000 Mr glycoprotein have Mr values of 175 000, 169000 and 164000 in bovine nasal epithelium, but 245 000, 230000 and 210000 in MDCK cells, while keratin ocytes possess a single band of 190000. In mammalian cells anti-desmocollin antibodies do not cross-react with bands recognized by anti-175 000-164000 Mr antibodies. However, in chickens and frogs there are glycoprotein bands that react with both antibodies, as well as distinct desmocollin bands (for details refer to Suhrbier & Garrod, 1986) . (Conservation of desmosomal plaque constituents is discussed by Franke et al. (1982) , Mueller & Franke (1983) , Giudice et al. (1985) , Suhrbier & Garrod (1985) .)
DESMOSOMAL CROSS-REACTIVITY: FORMATION OF DESMOSOMES BETWEEN DIFFERENT CELL TYPES
Desmosomes form between embryonic chick corneal epithelial cells and mouse epidermal cells (Overton, 1977 (Mattey & Garrod, 1985) . In every case mutual desmosome formation was obtained. Thus, irrespective of whether the cells were from man or the frog, from a simple (MDBK, MDCK) or a stratified (cornea) epithelium, from a cell line or a primary culture, from a normal cell or a neoplastic cell, the adhesive components of their desmosomes were sufficiently well conserved to participate in recognition and mutual binding.
In contrast, Overton (19746) was unable to find evidence of mutual desmosome formation between embryonic chick cornea and liver cells, and between cornea and heart myocytes (see also Nicol & Garrod, 1982) . Chick embryonic liver cells and myocytes possess very few desmosomes. However, the observation of Jesudason & Iseri (1980) , described above, shows that hepatocytes can form desmosomes with other tissues.
The conclusion from this work is that, although there may be a few exceptions, cells from different tissues and animal species are capable of mutual desmosome formation. How can this conclusion be rationalized in terms of the variability of desmosomal glycoproteins demonstrated by fluorescent antibody staining and Western blotting?
Present evidence suggests that the biological activity of many glycoproteins is due to their protein components, while their carbohydrate moieties are thought to be important as sorting signals in glycoprotein routing, metabolic stability and cellular differentiation (Olden, Parent & White, 1982; Warren, Buck & Tuszyinski, 1978) . This is probably true for desmosomal glycoproteins, since desmosomes can form in the absence of N-linked carbohydrates (King & Tabiowao, 1981; Overton, 1982 and see below) . The most likely explanation of our results therefore is that they suggest that desmosomal adhesion is dependent upon a highly conserved protein domain in the desmosomal adhesion molecules, and that the variability between tissues and species arises because of differences in carbohydrate moieties, which may reflect differences in carbohydrate control mechanisms. Alternatively, the adhesion domain alone may be well conserved, the rest of the polypeptide showing divergence.
Why should desmosomal adhesive recognition be highly conserved? Probably because desmosomal adhesion is a cellular property fundamental to the organization of epithelia. Any alteration caused by mutation would tend to disrupt epithelial organization and would therefore be selected against.
DIFFERING ADHESIVE PROPERTIES OF DIFFERENT CELL TYPES: NUMBER AND DISTRIBUTION OF DESMOSOMES
In spite of the ability of their desmosomes to 'cross-react', the cells of different epithelia possess and, indeed, require different adhesive properties, as may be illustrated by the following considerations. White & Gohari (1984) . This evidence has been greatly reinforced by recent studies of Franke and colleagues (Franke et al. 1981 (Franke et al. , 1982 and ourselves (Cowin & Garrod, 1983; Cowin et al. 1984a; Garrod, 1984) , in which widely cross-reacting anti-desmosomal antibodies have enabled surveys of many tissues and cells, using immunofluorescence. Examples of simple and stratified epithelia stained with fluorescent anti-desmosomal antibodies are shown in Fig. 2.   230 
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The number of desmosomes possessed by a tissue may be directly related to its adhesiveness. Thus both Overton (1977) , working with embryonic chick corneal epithelium and mouse epidermis, and Wiseman & Strickler (1981) , working with chick embryonic heart of different ages, have shown that in sorting-out experiments the cells possessing the greater number of desmosomes adopted the internal position in aggregates of binary cell combinations. Adoption of the internal position suggests that cells are more adhesive than those that surround them (Steinberg, 1964) .
The functional significance of variation in desmosome number may relate to the amount of stress a tissue is subjected to : tissues that have to resist stress require more desmosomes to link their intermediate filament cytoskeletons from cell to cell (Arnn & Staehelin, 1981; Garrod, 1985) .
MODULATION OF DESMOSOME DISTRIBUTION VARIES BETWEEN DIFFERENT TYPES OF EPITHELIA
We have shown that cells in tissue culture can modulate the distribution of desmosomal components in order to achieve the characteristic patterns of simple or stratified epithelium, depending upon cell type.
MDBK cells are derived from bovine kidney tubule and in culture form a simple, polarized epithelium, each cell having a single row of desmosomes around its apicolateral border. When MDBK cells are passaged their polarity is destroyed, their desmosomal plaques are internalized and their desmocollins can be removed by the action of trypsin and EDTA (Cowin et al. 1984b ). When they are replated, the desmocollins initially reappear all over the upper surfaces of the cells, a process that is independent of intercellular contact. During a culture period of several days, however, polarity is re-acquired and the desmocollins become removed from the upper cell surfaces and confined to the lateral cell margins. Thus MDBK cells in culture exhibit a reorganization or modulation of adhesive molecules, generating this polarized arrangement of adhesive properties.
A different pattern of modulation is seen in stratified epithelia. Calcium-induced desmosome formation between keratinocytes in monolayer culture (Hennings et al. 1980; Jones et al. 1982; Hennings & Holbrook, 1983 ) has been followed with fluorescent antibody staining (Watt, Mattey & Garrod 1984; Garrod, 1985) . In < 0'1 mM-calcium the desmosomal components were diffusely distributed, but within 15 min of raising the calcium concentration to 1'8 mM all the molecules were concentrated at cell peripheries in the region of contact. At this stage the cells were still in monolayer, with desmosomes between their lateral surfaces. Stratification began after about 9 h in high concentrations of calcium. This was characterized by the appearance of desmosomes between the upper and lower surfaces of super imposed cells, detectable by punctate staining with anti-desmosomal antibodies. We are not sure whether this process involves re-orientation of existing desmosomes, or breakdown and re-formation of desmosomes, though we have some preliminary evidence for the latter. (For details and photographs, see Watt et al. (1984) .) The antigenic difference that we have demonstrated between the desmocollins of basal and suprabasal epidermal appears to be a consequence of stratification rather than a cause of it (Parrish et al. 1986 ). It could be associated with a difference in desmosomal stability in the different layers (see below). In this context the most important point is that formation of desmosomes between upper and lower surfaces of stratifying cells is a property that distinguishes stratified from simple epithelial cells.
The occurrence of desmosomal redistribution during morphogenesis in vivo, has been demonstrated in duct formation in the rat mammary gland (Dulbecco, Allen & Bowman, 1984) . The epithelium of the duct consists of two layers, polarized cells with a luminal surface apically and myo-epithelial cells basally. In the early bud stages, microvillin and p80, markers of the apical cell surface, and desmoplakins are located together in the immature epithelial cells. In the two-layered ductal epi thelium, however, the apical markers are present at the luminal surface, while the desmoplakins are concentrated at the interface between the apical cells and the myo epithelial cells. The acquisition of the correct pattern of adhesive properties must be fundamental to the development and maintenance of epithelial structure. It is clear that different types of epithelial cells are able to regulate the distribution of des mosomes and desmosomal components in specific ways in order to achieve patterns appropriate to their tissues.
STABILITY OF DESMOSOMES
The capacity to modify adhesive contacts is necessary during development. In certain sites in adult organisms, such as intestinal crypts and the germinative layer of the epidermis, much cell rearrangement is also required. In other situations, such as .the upper layers of the epidermis, the oesophagus and vaginal epithelium, firm linkages between cells are necessary (Revel, 1974) . Variability in the stability of adhesive contacts, some being reversible, some more enduring, would thus seem a necessary requirement for a functional adhesion mechanism.
This idea was first raised in relation to desmosomes by Borysenko & Revel (1973) , who showed that desmosomes of stratified squamous epithelia and glandular épi thélia were insensitive to EDTA, whereas desmosomes of simple columnar epithelia were EDTA-sensitive. The former group of desmosomes were, however, disrupted by trypsin, while the latter were not. A third group of desmosomes, found in rat pancreas, were disrupted only by the detergent sodium deoxycholate. They suggested that the EDTA-resistant desmosomes were functionally stable, while those that were EDTA-sensitive were physiologically labile.
Our own data relating to desmosome stability come from calcium-switching experiments on keratinocytes (Watt et al. 1984) , and MDCK and MDBK cells. I should first point out that MDCK cells exhibit rapid triggering of desmosome formation by low-high switching of calcium concentration, whereas MDBK cells show slow desmosome formation on calcium switching, requiring protein and RNA synthesis for production of the desmoplakins and 175 000-164000 Mr glycoproteins (Mattey & Garrod, unpublished) . 
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Once calcium-induced desmosome formation has taken place, the stability of desmosomes to calcium reduction changes with time and varies between the three cell types. Keratinocyte desmosomes may be disrupted by calcium depletion for up to 2h after formation, but thereafter become resistant. MDCK cell desmosomes may be disrupted by calcium depletion for up to 3 days after formation but then acquire resistance. MDBK cell desmosomes do not become resistant to calcium depletion for at least 14 days after formation.
We are aware that calcium-switching may not truly parallel the in vivo situation but other environmental and, or, developmental triggers may be involved in con trolling desmosome assembly and disassembly. Differential desmosomal stability may certainly provide a basis for adhesive differences between cell types.
THE MOLECULAR ROLE OF CALCIUM
We are beginning to unravel the molecular basis of calcium involvement in desmosomal adhesion (Suhrbier, Mattey & Garrod, unpublished observations). The desmosomal adhesion molecules, the desmocollins, are calcium protected: in the presence of 0-1 mM-calcium they are resistant to removal from the cell surface by 0-1 % trypsin, but in the presence of EGTA they are rapidly removed by 0/0001 % trypsin. Furthermore, trypsin digestion (0-1%) of desmosomal cores from bovine nasal epithelium yields a single soluble desmocollin fragment of Mr 42000, which is digested in the presence of EGTA. Moreover, both the desmocollins and the 175 000-164000 Mr desmosomal glycoproteins bind calcium. An essential point to note is that the calcium requirements for calcium protection and calcium-induced desmosome formation differ by at least an order of magnitude (approx. 0'lmM and 1-2mM respectively). Calcium-induced desmosome assembly and stability probably involve desmosomal carbohydrate, since cells may be induced to form stable des mosomes in low calcium medium by treatment with tunicamycin.
ADHESIVE DIFFERENCES WITH CELL ADHESION MOLECULES
Variation in the cellular distribution of cell adhesion molecules has been described. Thus, for example, N-CAM is concentrated at the end-feet of neuroepithelial cells in the optic nerve pathway, where it plays an important role in guidance of developing optic nerve fibres (Silver & Rutishauser, 1984) , and at the nerve-muscle junction in developing mouse diaphragm (Rieger, Grumet & Edelman, 1985) , while Ng-CAM is present on neuronal processes rather than cell bodies (Thiery et al. 1985) . In developing optic retinal ganglian cells there is a differential distribution of the embryonic (E) and adult (A) forms of N-CAM within the same cells. The sialic-acidrich E-form is present in the optic nerves in the 5-10 day chick embryo, while the sialic-acid-poor A-form is present in the retina (Schlosshauer, Schwarz & Rutishauser, 1984) . The E-form of N-CAM has a lower binding affinity than the A-form (Edelman, 1983 (Edelman, , 1984 , conversion of the former to the latter providing a means of increasing cellular adhesiveness during development. In the case of N-CAM, variation in adhesiveness with time also occurs via down-or up-regulation of the molecule. Thus N-CAM disappears or decreases from skeletal muscle post natally but reappears when regeneration of new synapses is required following denervation or disease (Moore & Walsh, 1985; Rieger et al. 1985) . Reduction in the amount of N-CAM on the cell surface has also been shown to occur following viral transformation of embryonic chick retinal cells (Brackenbury, Greenberg & Edelman, 1984) . A full discussion and summary of how variation or modulation of CAMs can generate differences in adhesive properties is given by Edelman (1984) .
It has recently been reported that individual neural cell types express immuno logically distinct forms of N-CAM (Williams, Goridis & Akeson, 1985) . However, it is not known whether this is due to differences in glycosylation of N-CAM protein in different cells or to differences in the protein itself. Murray et al. (1984) reported that a N-CAM, cDNA probe detected only one N-CAM gene in the chick, but Goridis et al. (1985) reported that there are possibly three N-CAM genes in the mouse genome. Southern blot hybridization with an L-CAM probe suggested that there may be three distinct L-CAM genes in chick (Gallin, Prediger, Edelman & Cunningham 1985) . CONCLUSION It seems that similar general principles may apply to adhesion mechanisms involving CAMs and intercellular junctions. Adhesive differences between cells may be qualitative, depending upon the presence of different molecular adhesion mech anism. A single adhesion mechanism, present in many cell types, may give rise to adhesive differences because of variation in quantity, distribution, stability or affinity. It is important to determine how cells control these parameters.
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